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Introduction 

Natural polysaccharides are frequently modified with chemicals to 
give them new properties for broader application. Sometimes the modi- 
fication can be made in steps, giving a range of new products having 
properties quite different from the parent material. In many instances, 
the modification can produce a very specific effect because of the novel 
properties of the new structure. It is, at times, possible to give one 
polysaccharide the properties of another polysaccharide, allowing the 
replacement of a high-priced gum with a lower-priced modified gum. 

Such chemistry is fairly well established, but unfortunately for the 
specialized food research or process chemist, information is scattered in 
the starch 1 and cellulose 2 literature and in descriptions of other polysac- 
charides. This chapter presents a variety of commercial methods for the 
modification of polysaccharides. It is not intended to provide a descrip- 
tion of all modification techniques or research methods but rather to 
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lysosomes and the higher endocytic activity of tumor cells. 275 The 
coupling of dextran with daunomycin, 276,277 methotrexate, 278 and mito- 
mycin C 279 has been reported. The hypoglycemic action of an 
insulin-dextran conjugate is claimed to be superior and more pro- 
longed than that of insulin itself. 280 281 Coupling of ragweed pollen 
Antigen A to dextran has been found to reduce the allergenicity and 
antigenicity of the allergen. 282 Dextran conjugates of anti-inflammatory 
agents have been studied. 283,284 



Dextran Derivatives 

Dextran sulfate Between 1977 and 1989, about 1000 references to 
dextran sulfates appeared. The biological properties of dextran sulfate 
continue to provide a fertile area of research. The reports may be 
grouped according to the following biological effects: enzyme inhibition, 
activation, or release; effects on immune response; cellular interactions 
and responses; effects on virus infectivity. Of particular interest, dextran 
sulfate accelerates hybridization of DNA fragments, 285 " 287 accelerates 
transfer of DNA fragments from agarose gels, 287 and is useful for detec- 
tion of recombinant mammalian viruses in plaques. 288 These anionic 
derivatives have also proved useful in studying the permeability of 
biological membranes. 289 - 290 

DEAE Dextran Reaction of diethylaminoethyl chloride with dextran 
in alkali affords a derivative in which three kinds of charged amino 
groups can be distinguished: 213 * 291 the single DEAE substituent with pK a 
9.2, the tertiary group with pK a 5.5, and the quaternary group with 
pK a - 14. DEAE-dextrans appear to enhance cellular uptake of viral RNA 
and intact virus particles 292 " 295 and the production of interferon by 
polyribonucleotide complexes. 296 " 298 These processes appear to operate 
without detrimental effects on the viability of the cells. 294 Reports on the 
effects of DEAE-dextrans on tumor growth are contradictory. 299 * 301 

Fluorescein-Labeled Dextrans Fluorescein isothiocyanate reacts 
with dextran fractions to give fluorescent derivatives that have proved 
valuable as macromolecular tracers in studies of microcirculation and 
vascular permeability in health and disease. 302 " 308 



Microcarriers for Cell Culture 

DEAE-Sephadex can be used as a microcarrier for cuituring anchor- 
age-dependent animal cells. 309 Subsequent work has established the 
optimal degree of substitution for cell growth at about 1.5 meq/g. 310 " 313 
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polymerization) 80. 35 Of course, the so-called waxy-type starches that 
contain no amylose form much more stable pastes. 

Derivatization is generally done on a 40-45% suspension of starch in 
water under alkaline conditions (pH 7-12) at temperatures up to 60° 
Because alkalinity is required, salt (usually sodium chloride or sodium 
sulfate) at a concentration of 10-30% is added to prevent gelatinization. 
The starch derivative is recovered in granular form by centrifugation or 
filtration, washing, and drying. Because the gelatinization temperature 
of the starch decreases as the DS* increases, there is a limit to the level 
of substitution that can be made in aqueous suspension. For this reason 
and because a small amount of derivatization often has a dramatic effect 
on physical properties, the degree of substitution (DS) of most commer- 
cial starch derivatives generally falls in the range 0.001-0.2, although 
some crosslinked derivatives may have an even lower DS and other 
derivatives may have a DS as high as 0.4. 

Ethers 

Commercial starch ethers are the hydroxyethyl ether, the hy- 
droxypropyl ether, and cationic ethers. 

Hydroxyetbylstarcb 36 - 41 Hydroxyethyistarches, made by reaction of 
slurried starch with ethylene oxide, are used primarily in paper manufac- 
ture. • They are used as a binder for pigmented coatings and as a 
surface size and are sometimes erroneously called "ethylated" and 
"ethoxylated" starches. For this use, the starch is usually depolymerized 
somewhat (''thinned"); to accomplish this depolymerization the starch is 
acid-modified or thermally coverted in the granular state by the manu- 
facrurer or treated with an enzyme such as alpha-amylase or an oxidant 
such as ammonium persulfate after cooking, that is, in a pasted form by 
the user (see subsection tided Depolymerized Starches). Some hydroxy- 
ethylstarches are used as a wet-end additive. 

Corn starch and potato starch are the most often used starches in 
these applications. The molar substitution (MS)' of commercial deriva- 
uves is generally in or near the range 0.05-0.10. Derivatization of corn 
starch with hydroxyethyl groups or hydroxypropyl groups in this range 
markedly alters the properties of the starch. The gelatinization tempera- 
ture is lowered 5-18°, and the resulting pastes are translucent, very 
cohesive, and stable, that is, the starch exhibits a much reduced ten- 



rf DS - degree of substitution (Chapters 18, 20). 
*MS - moles of substitution (Chapters 19, 20). 
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dency to retrograde. The paste can be cast into relatively clear, flexible, 
nontacky, water-soluble films. 

Hydroxypropylstarcb 56 ' 5845 Hydroxypropylstarches, made by reac- 
tion of slurried starch with propylene oxide, are used primarily as food 
starches. 44 " 47 They may be purchased either in granular form or as 
pregelatinized products. They are prepared from waxy maize, corn, 
potato, and tapioca starches. They are usually also crosslinked (see 
subsections titled Starch phosphates and Oxidized starches) to obtain 
the desired texture and resistance to the high temperatures, low pH 
values, and shear conditions often encountered in food processing. 
"Food Starch Modified" is used as a thickener for both water- and 
milk-based products to provide viscosity stability, to provide water 
holding, and to increase freeze-thaw stability. 

Cationic starch 56 37 40 48 Commercial cationic starches are starch 
ethers wherein the substituent group (most often) contains a tertiary 
amino or quaternary ammonium group. The most widely used cationic 
starches are based upon corn and potato starches. The primary use is as 
a wet-end additive in paper manufacture. 37 42 The affinity of cationic 
starch for the negatively charged cellulose fibers, mineral fillers, and 
pigments results in almost complete adsorption of the starch and pro- 
duces an adhesive bridge between the components. Some cationic 
starch is also used as a surface size for paper; for this use, the starch is 
usually thinned (see subsection titled Depolymerized Starches). Cationic 
starches are also used to flocculate suspensions of negatively charged 
organic or inorganic particles. 

Sulfonium starch derivatives are also known. Also used are ampho- 
teric starches that have a phosphate monoester group in addition to the 
cationic group. 

Esters 

The major commercial starch esters are the acetate and phosphate 
esters. Lesser amounts of the esters of dicarboxylic acids are produced. 

Starch acetate 56 49 Starch acetates are used in both food and non- 
food applications. They are generally granular, made by reaction of 
starch in an aqueous slurry (pH 7-8) with acetic anhydride, and gener- 
ally have a DS below 0.2. Corn, waxy maize, potato, tapioca, sorghum, 
waxy sorghum, and wheat starches are all converted into acetyiated 
derivatives. Acetylation is often combined with crosslinking or depoly- 
merization via treatment with an acid or an oxidant. 

Starches are acetyiated to improve the characteristics of their pastes, 
primarily to retard retrogradation. Starch acetates are used for surface 
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